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Descriotion 

Compositions and Methods for Analysing Genomic Variation 

Field of the Invention 

The present invention relates to compositions 
and methods for detecting and analyzing genomic 
variation, and, more particularly, for detecting and 
analyzing nucleic acid polymorphisms. 

3ackcrround of the Invention 

Application of modern nucleic acid manipulation 
techniques allows for the detection of discrete 
nucleic acid sequences within a complex genome* In 
particular, utilization of immobilization techniques, 
such as those described by Southern, J. Mol. 3iol. 
98:503 (1975), in combination with restriction 
enzymes , has allowed for the identification bv 
hybridization of genes or gene fragments among a mass 
of fractionated, genomic DMA. 

Restriction enzymes are endonucleases which 
recognize a soecific base secuence (site) of a 
double-stranded nucleic acid molecule and catalyzing 
cleavage of the molecule at a precise location. See 
e.g., Smith and Wilcox, J. Mol. 3ioI. 51:379 (1970). 
Restriction sites provide a convenient means for 
fragmenting DNA into pieces of different length. 
Once the DNA has been cleaved with, a restriction 
enzyme, the various fragments can be separated by 
size using gel electrophoresis and transferred to 
DNA-binding membranes" such as nitrocellulose by 
blotting. Thereafter, a short single-stranded DNA 
sequence that is complementary to a target sequence 
in the fragments, i.e. a probe, can be labelled and 
used to detect the target sequence by hybridization. 

It is well known that there mav be one or more 
alternate forms of a gene occupying a given locus on 



different versions of the same chromosome. Such 
genomic variations, both between individuals within a 
species and between species, occurs by processes such 
as recombination and mutation. There may be one or 
more base changes (substitutions, additions or 
deletions), repeat sequences, and even changes in the 
gene copy number. There also may be variation in the 
sequences to the left or right of a gene, i.e. 
variation in "f lanJcing" sequences. 

The use of restriction site differences has been 
a favored means for characterizing genomic variation. 
The procedure uses the techniques developed by 
Southern, described above, except that genomic DNA 
from distinct sources is compared (e.g. different 
individuals within a species, individuals from 
different species, etc.). The variability of 
restriction sites in gene and gene-flanking sequences 
results in DNA fragments of different length (and 
consequently different migration rata on gels) . The 
hybridization of probes to specific restriction 
fragments serves to identify genetic loci or other 
sequences of interest. Using* a panel of different 
restriction enzymes, it is possible to distinguish 
the DNA samples from the various distinct sources on 
the basis of their hybridization banding pattern on 
Southern blots. See e.g. G. Vassart et aj.. , Science 
235:633 (1987). M. Georges e£. a],. , JAVMA 193:1095 
(1988). Georges et al. , Cytogenet. Cell. Genet. 

47:127 (1988). Where a probe hybridizes to 
restriction fragments of different lengths to create 
different hybridization banding patterns for 
different samples, the variation is referred to as 
Restriction Fragment Length Polymorphism (RFLP) . 

RFL? analysis provides a means for following the 
segregation of genes derived from each parent. 
Indeed, the segregation and intensity of 
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hybridization can be used to estimate the copy 
number, linkage organization, and complexity of 
closely related genes that are otherwise difficult to 
assess. RFL? loci can be mapped genetically by 
determining the frequencies of recombination between 
different RFLP loci. 3y correlating the segregation 
of the RFL? loci with the segregation cf known 
genetic markers, the genetic maps of RFL? markers can 
be merged with genetic maps of other types of 
markers, e.g., morphological or biochemical markers. 

There are seme distinct disadvantages to the 
current RFL? technique. First, it is vary labor 
intensive; many steps are required to take genomic 
DNA to the point where RFLPs can be recognized. 
Second, it is slow; because cf the gal transfer and 
hybridization steps, results can take a number of 
days. Finally, it is expensive; the cost for labor 
and restriction enzymes required for RFL? analysis 
can be prohibitive for large breeding studies. 

In view of the disadvantages to current RFL? 
techniques, other techniques for studying genomic 
variation have been sought. One approach to 
generating multiple nucleic acid bands involves the 
use of nucleic acid amplification. For example, J.S. 
25 Chamberlain et al- , Nucleic Acids Research 16:11141 

(1988) have described an amplification method to 
amplify more than a single nucleic acid sequence. 
The approach involves using more than one paxr or 
primers in a Polymerase Chain Reaction. The 
3 0 Polymerase Chain Reaction ("PCX) is described by K.3. 

Mullis et al., U.S. Patent Ncs. 4,533,155 and 
4,633,202, hereby incorporated by reference. PCR is 
a procedure for increasing the concentration of a 
segment of a target sequence in a mixture of genomic 
) DNA without cloning or purification by introducing a 

large excess of two oligonucleotide primers to the 
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DNA mixture containing the desired target sequence, 
followed by a precise sequence of thermal cycling in 
tie presence of a DNA polymerase. The two primers 
are selected complementary to flanking sequences on 
respective strands of the double-stranded target 
sequence. To effect amplification, the mixture is 
denatured and the primers are then allowed to anneal 
to their complementary sequences within the target 
molecule. Following annealing, the primers are 
extended with a polymerase so as to form 
complementary strands. The steps of denaturatian, 
primer annealing, and polymerase extension can be 
repeated many times (i.e. danaturaticn, annealing and 
extension constitute one "cycle; 11 there can be 
numerous "cycles") to obtain a high concentration of 
an amplified segment of the desired target sequence. 
The lengch of the amplified segment of the desired 
target sequence is determined by the relative 
positions of the two primers with raspecc to each 
other, and therefore, this length is a conrrollable 
parameter. 3y virtue of the repeating aspect of the 
process and the use of the amplified sequences* as 
templates for further amplification in subsequent 
cycles, the method is referred to by the inventors as 
the "Polymerase Chain Reaction 11 (hereinafter PGR) . 
Because the desired amplified segments of the target 
sequence become the predominant sequences (in terms 
of concentration) in the mixture, they are said to be 

"PCR-amDiified". 

As noted above, the PGR procedure uses two 
orimers with the intent of amolifying a single 
sequence whose length is defined by the position of 
the primers. J.S. Chamberlain et al. , supra, used 
more than one nair of orimers m 

multiple sequences. The use of multiple pairs of 
primers (so-called "multiplex genomic DNA 
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amplification") for analysis of genomic variation 
also has distinct disadvantages. First, the 
technique requires knowledge of the target sequence 
of interest, i.e. the sequence in the genome to be 
5 amplified. Secondly, the addition of each extra 

primer pair frequently requires modification of 
primer annealing temperatures, time of annealing, 
polymerase extension times, and the amount of enzyme 
required. Modifying the primer annealing 
10 temperatures may change the stringency of 

hybridisation which, in turn, may result in 
amDlification of sequences having little homology zo 
the orimers and this may severely complicate an 
analysis of genomic variation (amplification of 
secuences of different length in two individuals 
would not necessarily indicate recombinant or 

mutational variation) . 

A.J. Jeffreys er al. , Nucleic Acids Research 
15:10953 (1933) describe a procedure where ?CR is 
used to produce multiple sequences. The procedure 
uses two primers directed at the known flanking 
sequences of hypervariabie, tandem-repeated 
("minisatellite") loci with the intent of amplifying 
the entire minisatellite. The procedure has a number 
of disadvantages. First, the procedure requires that 
the hypervariabie ••minisatellite" regions first be 
identified. See A.J. Jeffreys et ai- , BTatura^314:67 
(1985). Second, the procedure requires specific 
polynucleotide probes. See A.J. Jeffreys patents: 
U.K. Patent 2165445 and E?c 023 3 329. Thirdly, 
minisatellite PCR must be terminated before the yield 
of product reaches chemical amounts because of 
production of a heterodisperse smear. Thus, a signal 
generation step like hybridization must be used to 
identify the products. 
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D. L. Nelson et al. , Proc. Nat. Acad- Sci. USA 
86:6636 (1989) describe a procedure where PCS is used 
to produce multiple sequences. See also S.A. 
Ledbetter et a_l . , Genomics 6:475 (1990). The 
5 procedure uses single primers directed at tiie known 

sequences of short interspersed repeats believed to 
exist in great number (approximately 900 , 000 in the 
haploid human genome) . This procedure also has a 
number of disadvantages. First, this procedure, like 

10 the minisatellite PCR procedure, requires that the 

primers and the sequences to be amplified be known. 
Secondly, while PCR can be run to yield chemical 
amounts of discrete product, this is only possible if 
less than the entire genome is used. When the entire 

15 genome is used, there is again the production of a 

smear . 

The present invention involves a more desirable 
means of amplifying more than a single sequence. The 
oresent invention orovides a method of obtaining 

2 0 information as important and useful as RFL? data, but 

without the accompanying labor, time and expense. 
The oresent invention does not recmire the use of 
restriction enzymes or nucleic acid transfer to 
perform an analysis of genomic variation. 
25 Furthermore, while the invention involves 

amplification, there is no need to modify annealing 
temperatures. Finally, the invention allows for 
amplification in chemical amounts utilising nucleic 
acid representing the entire genome. 

3 0 Objects and advantages other than those above 

set forth will be apparent from the following 
description when read in connection with the 
accompanying figures. 

Summarv of the Invention 
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The present invention relates to compositions 
and methods for detecting and analyzing genomic 
variation and, in particular, nucleic acid 
polymorphisms. In one aspect, the invention 
comDrises a method for amplifying a plurality of 
sequences found in a nucleic acid sample comprising 
providing a nucleic acid sample comprising nucleic 
acid sequences of a distinct nucleic acid source, 
providing a primer comprising an oligonucleotide 
sequence of at least eleven nucleotides which is 
capable of hybridizing to at least a portion of the 
nucleic acid sequences and generating a plurality of 
amplification products therefrom in an amplification 
system, thereby amplifying at leas- one portion of 
the nucleic acid sequences, so that discrate portions 
of the nucleic acid sequences are detectable. 

In accordance with another aspect of the subject 
invention,- a method far amplifying a plurality of 
sequences found in a nucleic acid sample is provided 
which comprises providing a nucleic acid sample 
comprising single-stranded nucleic acid sequences 
from a distinct nucleic acid source, bringing the 
sample together with a primer comprising an 
oligonucleotide sequence of at least eleven 
nucleotides capable of hybridising to a plurality of 
regions within the nucleic acid sequences, -under 
conditions which synthesize an extension product 
which is complementary to a portion of the nucleic 
acid sequences, and wherein the extension product, 
when separated from the nucleic acid sequence, is 
also capable of hybridizing to the oligonucleotide 
primer, "separating the primer extension products from 
the nucleic acid sequences to which they were 
hybridized to form single-stranded templates, and 
bringing together the templates with the 
oligonucleotide primer under conditions which 



synthesize a primer extension product from the 
primers hybridized to the templates, thereby 
amplifying a plurality of portions of the nucleic 
acid sequences, so that discrete portions of the 
nucleic acid sequences are detectable. 

In accordance with another aspect of the subject 
invention, a method for detecting variation between 
nucleic acid samples is provided comprising providing 
at least two nucleic acid samples each comprising 
nucleic acid sequences representing the entire genome 
of a distinct nucleic acid source; providing a single 
primer comprising an oligonucleotide sequence of at 
least eleven nucleotides capable of hybridizing to at 
least a portion of the nucleic acid sequences from 
each source and capable of generating a plurality of 
amplification products therefrom in an amplification 
system; and bringing together each nucleic acid 
sample with the primer in a separate amplification 
system, thereby amplifying at least one portion of 
the nucleic acid sequences from each source, so that 
discrete portions of the nucleic acid sequences are 
detectable * Certain embodiments of this aspect of 
the invention also provide that the amplified 
oortions of nucleic acid secuences from each nucleic 
acid source so amplified are compared to determine 
the degree of homology between the nucleic acid 
sources _ 

Additional aspects of the invention provide 
primers which find use in the present method, and a 
mixture of nucleic acid sequences comprising a 
plurality of double-stranded products comprising a 
first and a second single-stranded polynucleotides 
each having a 5 1 -terminal region sequence and a 
3 1 -terminal region sequence which is substantially 
the inverted complement thereof, and an internal 
region. 
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3 Brief Description of the Figur es 

Figure 1A is a photograph of an ethidium bromide 
stained gel of elecrrophoresed SPAR- amplified and 
PCR-amplif ied sequences from chicken genomic DNA. 
5 Figure IB is a photograph of an autoradiograph of the 

electrophoresed S?AR-amplif ied and PCR-amplif ied 
sequences of Figure 1 following transfer to 
nitrocellulose and hybridization with a radioactive 
probe. 

10 Figure 2 is a photograph of an ethidium bromide 

stained gel of the electrophoresed S?AR-ampiif ied 
sequences from chicken genomic DNA amplified primers 
of the present invention. 

Figure 2 is a photograph of an erhidium bromide 
15 stained gel of the electrophoresed SPAR-amplif ied 

sequences from chicken genomic DNA under three 
\ annealing temperatures (Figure 3A, 33 and 3C) . 

Figure 4 is a photograph of an ethidium bromide 
stained gel of the electrophoresed, SPAR-amplif ied 
20 seouences from chicken aenomic DNA derived from 

different sources, i.e. different individual 
chickens. 

Figures 5A and 53 are (direct print) photographs 
of ethidium bromide stained gels of the 
25 electrophoresed, SPAR-amplif ied sequences from corn 

genomic DNA derived from different sources, i.e. 
different individual com plants, each from a 
different inbred corn line. (Direct printing results 
in light bands on a dark background) . 

30 Detailed Description 'of the Invention 

The present invention relates to compositions 
and methods for detecting and analyzing genomic 
variation and, in oarticular, nucleic acid 
polymorphisms . 



In accordance with the present invention, a 
method is provided for amplifying a plurality of 
nucleic acid sequences found in a nucleic acid 
sample. In the practice of this method, a nucleic 
acid sample is employed which comprises nucleic acid 
sequences of a distinct nucleic acid source. Any 
source of nucleic acid, in purified or non-purified 
farm, can be utilized as the source for the nucleic 
acid sample, provided the sample is from a distinct 
nucleic acid source which is suspected of harboring 
polymorphisms useful for detecting genomic variation. 

Thus, the method may employ any nucleic acid, 
for example DNA or RNA, including messenger RNA, 
which may be single-stranded or double-stranded. In 
addition, a DNA-RNA hybrid which contains one strand 
of each distinct nucleic acid may be utilized. It is 
also possible to utilize a mixture of any one or more 
cf such nucleic acids provided they are from a source 
appropriate to facilitate the analysis of genomic 
variation . 

In the practice of the invention, the nucleic 

.» 

acid sample does not need to be provided in pure 
form; it may be a fraction of a more complex mixture, 
e*g., it may constitute only a minor fraction of a 
particular sample of biological origin. 

In certain embodiments, the present invention 

+ 

contemplates that the nucleic acid is derived from a 
microorganismal source, such as virus, bacteria, 
fungi, yeast, algae, mycoplasma and protozoa. 

In other embodiments, the present invention 
contemplates that the nucleic acid provided is 
derived from a plant* Representative examples of 
plants which serve as nucleic acid sources include 
the angiosperms as well as the gymnasperms . Examples 
of angiosperms include both monocotyledons and 
dicotyledons, such as com, barley, wheat, apple, 



alfalfa, soybean, oil rape, tobacco and tomato. 
Examples of gymnosperms include cycads and conifers, 
such as loblolly pine. 

In additional embodiments, the present invention 
employs nucleic acid samples derived from animal 
sources, including both vertebrates and 
invertebrates. Representative examples of 
vertebrates include mammals, birds, reptiles and 
amphibians, such as human, horse, dog, cow, chicken, 
mouse, rat and salmon. Representative examples of 
invertebrates include arthropods, nollusks, 
flatvorms, annelids and echinaderms . 

In practicing the present method, a primer is 
provided capable of hybridizing to at least a portion 
of the nucleic acid sequences in the nucleic acid 
sample and generating a plurality of amplification 
products from the nucleic acid secuences in an 
appropriate amplification system. 

As used herein, the term primer refers to an 
oligonucleotide, whether occurring naturally . (e.g. , 
as r a component of a purified restriction enzyme 
digest product) or constructed synthetically. The 
term oligonucleotide is defined as a molecule 
comprised of two or more nucleotides e.g. , 
deoxyribonucleotides or ribonucleotides. 

The primers which find use in the present 
invention will form extension products in an 
amplification system. It is not intended that the 
present invention be limited by the mechanism (s) 
whereby the primers of the present invention form 
extension products. For example, the primer may be 
substantially complementary to .at least a portion of 
the nucleic acid sequences contained in the nucleic 
acid sample, so that the primer is capable of 
hybridizing to the sequences and forming temporarily 
stable complexes in the reaction conditions utilized 



in the selected amplification system. As used 
herein, the portion of the nucleic acid sequence to 
which the primer is capable of hybridizing and 
forming a temporarily stable complex is termed the 
template. It may be that the primer has sufficient 
complementarity with a template in the sample to 
hybridize therewith and form extension products in an 
amplification system- As used herein, an extension 
product is the collection of generated nucleic acid 
sequences which contain a particular primer sequence 
together with an additional sequence complementary to 
the nucleic acid sequence bordering the template. 

In accordance with the invention, a primer will 
comprise an oligonucleotide capable of hybridizing to 
at least a portion of the nucleic acid sequences and 
capable of generating a plurality of amplification 
products therefrom in an amplification system. In 
presently preferred embodiments, the selected primer 
will be capable of hybridizing to a plurality of 
regions within nucleic acid sequences in the nucleic 
acid sample, and will be capable of hybridizing to an 
extension product which contains the oligonucleotide 
sequence and is substantially complementary to a 
portion of the nucleic acid sequences • 

Particular primers will find use in the present 
invention, including oligodeoxyribo-nucleotides 
generally in accordance with the formula: 

5 1 -X 1 -X z -X 3 -X.-G~A-C-y L -y 2 -y 3 -3 ■ ( I ) 

wherein 

X t is desX;. or an oligonucleotide of from 3^ to 11 
bases selected from the group consisting of 
A-G-A-G , G-A-C-C-A-A-C-T-G-G-T , and C-C-C ; 

X 2 is desX 2 or an oligonucleotide of 3 bases 
selected from the group consisting of A-A-T and 
C-C-C; 



X 3 is desX 3 or an oligonucleotide of from 1 to 3 
bases selected from the group consisting of 
T-C-T, G-G-T, A-A-C, and G; 

X 4 is an oligonucleotide of 3 bases selected from 
the group consisting of C-A-A, A-G-C and A-C-A; 

Y : is a base selected from the group consisting 
of C and A; 

Y 2 is an oligonucleotide of 3 bases selected from 
the group consisting of G-G-C, C-C-T, G-A-C, and 
T-A-C ; and 

Y 3 is desX 3 or an oligonucleotide of from 5 to 13 
-bases selected from the group consisting of 

A-A-C-A-G-G / G-G-G-C-C-T-G-G-T-C-G-A-T , 
A-G-A-C-A and T-T-C-C-C-C-C ; 

with the proviso that at least approximately fifty 
percent (50%) of the deoxyribcnucieotides of the 
primer are deoxyguanylic acid and deoxycytidyiic 
acid. 

As used herein, the term !, des- H is taken to mean 
that the particular base or oligonucleotide fragment 
may not be present in selected primer sequences 

within the scope of the formulae* 



Mors usually, primers having sequences in 
accordance with formula I will have the formula: 

5 1 -X,-Xj-Xg-C-A--A-G-A-C- ( C/A) -Y 2 -Y 3 -3 1 (II) 
wherein X,, X 2 , X 3 , Y 2 and Y 3 are as previously 
defined. 

Presently preferred primers in accordance with 
formulas I and II include primers of the formula: 

5 » -X^X^-C-A-A-G-A-C- ( C/A) -G-(G/A) -C-* 3 -3 ' (III) 

wherein X : , X 2 , X 3 and Y 3 are as previously defined* 
Of particular interest among the presently preferred 
primers of formula III are those selected from the 
group consisting of: 

5 1 -CAAGACCGGCAACAGG-3 ' 
5 r -AGAGAATTCTCAAGACCCCTGCGCCTGG7CGAT-3 ' 
5 1 -GACCAACTGGTAATGGTAGCGACCGGC-3 1 

5 1 — G AC AG AC AG ACAG ACA— 3 ■ and 
5 r -CCCCCCAACCAAGACCTACTTCCCCC-3 ! . 

Additional primers which find use in the 
invention are deoxyribonucleic acid sequences having 
the formula: 

5 1 -W^v^-^-T-G-G- (T/G) -G-G-(C/G) 1 (IV) 

wherein 

W, is an oligonucleotide of from 7 to 12 bases 
selected from the groun consisting of 

G-G-G-G-G-A-A-G-T-A-G-G , G-T-C-C-A-T-C-A-A, and 
A-G-C-G-A-G-G ; 

W 2 is an oligonucleotide of 2 bases selected from 
the group consisting of A— T and T-C; 

W : is a base selected from the group consisting 
of T, G f and A; and 

Z x is an oligonucleotide of from 3 to 7 bases 
selected from the group consisting of G— G-G, 
A-G-C-C-T-C-G and T-C-C; 

with the provisos that at least approximately fifty 
percent (50%) of the deoxyribonucleotides of the 



primer are deoxyguanylic acid and deoxycytidylic 
acid. 

More usually , primers in accordance with formula 
IV will include sequences having the formula: 

5 1 -W^A-T-v^-T-G-G-T- (T/G) ~G-G-(C/G) ~Z x -2 1 (V) 

wherein W\, W 3 , and Z t are as previously defined* 
Presently preferred among primers of formula V are 
sequences having the formula: 

5 ' -W 1 -A-T-W 3 -T-G-G-T-T-G-G-C-Z 1 -3 r (Va) 

wherein W : , w 3 , and Z : are as previously defined. Cf 
particular interest: among the presently preferred 
primers of formula Va are those selected from the 
group consisting cf: 

5 1 -GGGGGAAGTAGGTCTTGGTTGGGGGG-3 1 

3 f -GTCCATCAATGTGGTTGGCAGCCTCG— 3 1 and 
5 r -AGCGAGGATATGGTGGGCTCC-3 ' . 
It will be recognized that primers other than 
those disclosed in the above formulae (I) to (Va) 
will be capable of hybridizing to at least a portion 
of the nucleic acid sequences in a nucleic acid 
sample and generating a plurality of amplification 
products therefrom in an amplification system. Thus, 
a person of ordinary skill in the art having the 
benefit of the present disclosure will readily find 
additional primers of use in the invention- For 
example, the following primers will provide 
additional exemolif ication cf the oractice of the 



-16- 



preserrt inveniiion: 
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-CAAGACCGGCAACAGG-3 ' 

-AGAGAATTCTCAAGACCCCTGCGCCTGGTCGAT-3 1 
— GACCAACTGGTAATGGTAGCGACCGGC— 3 ' 
-ATGGCCTTCCAAAACGACGTCTA— 3 1 
-CAAGACCGGCAACAGGATTC-3 » 

-TGGAGGAAGGGCTGGAGGAGGGCTCCGGAGGAAGGGC-3 • 

-GCCCTTCCTCCGGAGCCCTCCTCCAGCCCTTCCTCCA-3 1 
— GAGGTGGGCAGGTGGA— 3 ' 

— GACAGACAGACAGACA— 3 1 
— TCCTAACCCTAAATCCAGCTCATGCC— 3 1 
— GGGGGAAGTAGGTCTTGGTTGGGGGG— 3 » 
-GTCATCAATGTGGTTGGCAGCCTCG-3 1 
— AGCGAGGATATGGTGGGCTCC— 3 1 
-GTCATCAATGTGGTTGGCAGCCTCG-3 ' 
-AGCGAGGATATGGTGGGCTCC-3 » 
-CCCAACCAAGACCTACTTCC-3 1 
— ACTGACTGACTG ACTG- 3 ' 
-TGTCTGTCTGTCTGTC-3 ' 
— GCTCCGGAGGAAGGGC-3 « 
— GACACGACACGACACGACAC— 3 ' 
-CTCCTTCTCCAGCTGC-3 ' 
-GAGGGTGGCGGTTCT-3 1 
-GAGGGTGGT GGCTCT- 3 * 
-AGAACCGCCACCCTC-3 ' 

— TGGATGGATGGATGGATGGA— 3 • 
-CGAGGCTGCCAACCACAITGATGAC-3 1 
-CACCACCACCACCAC-3 1 
-TTGCCTGTCTCCAGC-3 r 
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Once the primer is hybridized to the template 
portion of nucleic acid sequences in the nucleic acid 
sample, a plurality of distinct amplification 
products can be produced by exposing the complexes to 
an amplification system which generates extension 
products from each hybridized primer. 

A representative example of such an amplific- 
ation system for a nucleic acid such as DNA will 
typically contain a pool of deoxyribonucleotides and 
a catalyst such as a DNA polymerase in a suitable 
buffer and under suitable reaction conditions (e.g., 
time, temperature, volume, etc.). For example, the 
deoxyribonuclecside triphosphates dATP, dCTP, dGTP, 
and dTTP will be added to the amplification system 
mixture in a buffered aqueous solution, preferably 
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adjusted to a pH of between 7 and 9, most preferably 
of approximately pH 8 . 

To this mixture will be added a molar excess of 
the selected primer. In the usual case, the amount 
of nucleic acid sequence available for hybridization 
with the primer will not be determinable with 
certainty. Thus, an excess of at least 1,000:1 
(primer: sequence) , and preferably an excess of at 
least 1,000,000:1 ( primer: sequence ) , will generally 
be used for most nucleic acid samples. A large molar 
excess will generally be preferred in order to 
improve the efficiency of the amplification process. 

To th' ? s mixture will be added an appropriate 
agent for catalyzing the primer extension reaction to 
produce amplification products. The catalyst 
selected for use in this invention may be any 
compound or system which will function to facilitate 
the synthesis of primer extension products. Suitable 
catalysts for this purpose include, for example, 
enzymes such as one or more of 5. call DNA polymerase 
I, Klenow fragment of 5. coli DNA polymerase I, T4 
DNA polymerase, other available DNA polymerases, 
reverse transcriptases, and other enzymes, including 
heat stable enzymes which will facilitate combination 
25 of the nucleotides in the proper manner to form the 

primer extension products. A presently preferred 
catalyst is the DNA polymerase from Thermus aquaticus 
(Tag) , as described in U.S. Patent No. 4,889,818, the 
entire disclosure of which is incorporated herein by 

30 this reference. 

The temperature of the reaction mixture will 

range from, e.g., room temperature up to a 
temperature above which the catalyst no longer 
functions efficiently. The selected temperature will 
J 5 depend in part on the particular catalyst used. For 

example, some DNA polymerases are used at a 
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temperature generally no greater than about 40 °C 
(e.g. Klenow) . Other DNA polymerases can be used at 
much higher temperatures (e.g., Tacr polymerase is 
generally used at 72 °C) . 

Generally, the synthesis will be initiated at 
the 5 1 -end of each primer and proceed in the 
3 '-direction along the nucleic acid sequence template 
strand until synthesis terminates. However, there 
may be catalysts which initiate synthesis at the 
3 '-end and proceed in the other direction using the 
process substantially as described above. 

In evaluating the present invention, it has been 
found useful to compare the novel compositions and 
methods of the orasent invention with a known 
amplification urocedure, albeit one which is not 
designed to detect and analyze genomic variation. As 
noted above , the PCS procedure uses two primers with 
the intent of amplifying a single sequence whose 
length is defined by the position of the primers. 3y 
contrast, it is the object of the present invention 
to amolify a plurality of sequences in a nucleic acid 
sample, each having a different length (and 
consequently a different molecular weight) . In 
certain preferred embodiments, many such sequences 
are amplified so that genomic variations in the 
sequences may be identified and correlated to 
genetically related individuals or groups. 

This difference can be well-illustrated 
by using known primers and known template sequence. 
While this knowledge is useful for understanding 
certain aspects of the present invention, the 
oractice of the invention does not require that 
the template sequences be known in this manner 
or that the primers be constructed with 
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this knowledge. However, for illustrative purposes, 
primers from tie chicken a-glabin sequence can be 
employed. Tlie sequence [from J.B. Dodgson and J.D. 
Engel, J. Bio. Chem. 258:4523 (1983)] is provided in 
5 Table 1. 

Primer 22SA corresponds to positions 64-83 in 
tile 5 1 -end flanking region of the a-globin sequence . 
Primer 227 corresponds to positions 578-603 (apposite 
strand) in the Exon 2 region of the a-globin 

10 sequence. In the PGR, with a nucleic acid source 

containing the a— globin sequence, primers 225 and 227 
can be used fcr amolif ication of a 540 bo oroduct. 

In the present comparitive illustration, primers 
225 and 227 were used, both separately and together, 

15 in nine separate amplification reactions (Table 2) . 
The orcducrs of the reactions were elsctrophoresed 
and a phonograph of the erhidium bromide srained gel 
is shown as Figure 1A. Molecular weight markers were 
provided in Lanes 1 and 12. Lanes 2-10 correspond to 

2 0 the nine amplification reactions (see Table 2) • 

Table 2 

Amplification of Chicken Genomic DMA : PCR versus SPAR 

Primer Concentration* 226:227 



Lane* 226 227 Primer Ratio 

25 2 0-0 0,5 

3 0.5 0.5 1:1 

4 0.5 0*25 2:1 

5 0.5 0.120 4:1 

6 0.5 0*050 10:1 
30 7 0.5 0.025 20:1 

3 0.5 0.005 100:1 

9 0.5 0.0025 200:1 

10 0.5 0.0 



4 see Figure 1A 
3 5 3 given in micrograms and assuming the same reaction 

volume 

i .... 
Where orimer 227 was used alone (lane 2) , no 

amplification bands are observed. Where primers 226 

and 227 are used in equal amounts (lane 3) , a single 

40 PCR-product band is observed running at approximately 



the expected molecular weight for a 540 bp product. 
Where the ratio of primer 225 to primer 227 is 2:1 
(lane 4) or 4:1 (lane 5), the same single product 
band is observed but with some increased background. 
On the other hand, where the ratio is 10:1 (lane 6) 
or greater (lanes 7-9), a host of new product bands 
are apparent. Surprisingly, the new product bands 
can be generated using primer 22 6 alone (lane 10) . 
Interestingly, the single product band observed 
clearly in lanes 3-5 becomes less apparent as the 
concentration of primer 227 decreases until it 
disappears (lane 10) . 

To examine the nature of the product bands of 
the amplifications, the similarity of the single 
product banc (lanes 3-5, Figure 1A) with the multiple 
product bands (lanes 6-10, Figure 1A) was determined. 
For this determination, the products of the gel 
(Figure 1A) were transferred to nitrocellulose 
(Schleicher and Schuell, NH; BA-S 35 nitrocellulose 
membrane) by blotting. Thereafter, primer 2 67 
( 5 ' — ACACAGAGGTGCAACC-3 ' , corresponding to positions 
3 20-336 in the 5 '-end flanking region of the a-globin 
sequence (see Table 1), a region internal to the 
region defined by the annealing boundaries of primers 
225 and 227) was radiolabelled and used as a probe on 
the nitrocellulose. Following a period that would 
allow hybridization, the nitrocellulose was washed 
and autoradiographed (Figure IB) - Strang signal is 
observed in what corresponds to lanes 3-7 of Figure 
1A. A faint signal is observed in lanes 3 and 9, 
while no signal is observed in lane ia. Measured 
distances on the original electrophoresed gel (Figure 
1A) confirm that the signal produced represents the 
single PCH-product band resulting from a two primer 
reaction. Primer 2 67 does not hybridize with any of 
the multiple band products, indicating that these 
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10 



15 



/ 

20 



25 



30 



35 



bands do not appear to snare this sequence with ti 
internal 439 bp region of the 540 bp product of PCR 
amplification. 

From the above comparative illustration it is 
clear that the present invention, using as few as one 
primer for amplification, i.e. a single Primer 
Amplification Reaction ("SPAR") , amplifies a 
plurality of sequences found in a nucleic acid 
sample. The primer is used in conjunction with a 
nucleic acid sample comprising nucleic acid sequences 
of a distinct nucleic acid source. The selected 
primer will be capable of hybridizing to at least a 
portion of the nucleic acid sequences. However, it 
is not necessary that the sequences are known. 

In certain preferred embodiments, the primer 
comprises an oligonucleotide capable of hybridising 
to a plurality of regions (templates) within the 
nucleic acid sequences, under conditions which the 
primer serves as the initiating sequence for the 
synthesis of an extension product which is 
complementary to a portion of the nucleic acid 
sequences, and wherein the extension product, when 
separated from the nucleic acid sequence, is also 
capable of hybridizing to the primer, in this latter 
case, the primer contemplated by the present 
invention will detect inverted repeat nucleic acid 
sequences in the nucleic acid sample. 

In determining the number of extension products 
to be expected in an amplification of a given nucleic 
acid sample, a number of considerations must be 
addressed. Inverted repeats are known to exist 
throughout a genome, w.r. Jelinek and C.W. Schmid, 
Ann. Rev. Siochem. 51:313 (1982). However." - 
conventional PCR requires that the primers hybridize 
within approximately 3kb of each other (the upoer 
size limit) . It is not currently known that inverted 



s 



repeats exist within this constraint in a given 
genome in any frequency. However, estimations 
regarding the probability of such occurrence can be 
made. 

For example, in a sequence of four billion bases 
(approximately the size of the human genome) , there 
are about four billion n-mers for a given n, where an 
n-mer is an oligodeoxynucleoride of length n bases. 
The random probability of the occurrence of a 
particular n-mer with a specific sequence, assuming 
equal- probability of all four bases, is: (1/4) 3 . The 
random probability of a particular n-mer among 4 
billion n-mers is thus: 

(4 X 10 9 ) (l/4) a 

The probability of a second n-mer appearing within 
3Jcb (the PCR upper size limit) is: 

(3 x 10 3 ) (1/4) 3 

The probability of such an occurrence for each n-mer 
class is then: 

(1.2 x 10 13 ) ( (1/4) 3 ) 2 
Therefore, the minimum length of a primer which will 
have a non-random inverted repeat within a given 
genome can be calculated, where the probability is 
less than one. A compilation of the approximate 
probabilities for selected n-mers in a genome of 4 x 
10 9 is as follows: 



n-mer Probability 

1Q 10.9 

11 5.7 x 10" 1 

12 3-5 x 10" 2 
IS 5.4 X ICf 7 
32 2.9 X 10" 21 
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Since (1/4)" = 2.4 x 10~ 7 / "the expectation is for any 

, -v.-y.'y 

11-mer to appear by chance 960 times in a genome of < ""' 
4 x 10 ? bases. Therefore, the probability of two 
ll-mers chosen at random to occur within 3kb of each 
5 other, hence among 3,000 ll-mers, with their 3 '-ends 
pointing towards each other, is: 

(3-0 X 10 3 ) (4 X 10 3 ) (2.4 X 10~ 7 ) 2 = 5.7 x 10" 1 

At this probability, one would expect only 
infrequently to produce multiple amplified extension 

10 products. Similarly,- if the requirement is for 

precisely identical ll-mers, the probability of two 
with a specified sequence appearing by chance within 
31tb of each other , and with the 3 '-ends painting 
towards each other, is less than one in a genome of 

15 four billion bases. 

Whether perfect matches are required in SPAR was 
investigated indirectly. Having determined that a 
single primer can be used to generate multiple bands ,/ 
in an amplification system (Figure 1A) , variants of 
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primer were synthesized, most 
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226A by only one nucleotide 
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Table 3 










Primer 


• conralementaritv 




25 


Primer 


Lane* 




Seouence" 






22SA 


2,12 


5 1 


-TCCTAACCCTAAATCCAGCTCATGCC- 






225 


3,13 


5 1 


-CCCTAACCCTAAATCCAGCTCATGCC- 


■3« 




268 


4,14 


5' 


-TCCTAACCCTAAATCCAGCTCATCCC- 


-3 1 




269 


5,15 


5 1 


-T C CTAACC CTAAAT CCAGCT CATAC C - 


■3» 


30 


270 


6 , IS 


5 T 


-TCGTAACCCTAAATCCAGCTCATGCC- 


■3' 




271 


7,17 


5 1 


-TCATAACCCTAAATCCAGCrcaiGCC- 


■3 ' 




272 


3, IS 


5 f 


-TCCTAACCCTAAATGCAGCTCATGCC- 


-3' 




273 


9,19 


5 f 


-TCCTAACCCTAAATACAGCTCATGCC- 


•3' 




246 


10,20 




5 1 -ACCCTAAATCCAGCTC-3 r 





35 * lanes are with reference to Figure 2 (45°C r 55°C) 
b nucleotide substitutions are underlined with 
reference to primer 22SA 
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Tabla 4 \^ 





Amolif i 


cation of Chicken 


Genomic DNA: 


PCS versus SPAR 






Primer Concentration 11 


■ 

22SA:235 




Lane* 




235 


Primer Ratio 


5 


2 


0.5 


0.5 






3 


0.5 


0.25 


2:1 




4 


0.5 


0.120 


4:1 




5 


0.5 


0.050 


10:1 




6 


0.5 


0.025 


20:1 


10 


7 


0.5 


0.005 


100 : 1 




S 


0.5 


0.0025 


200:1 




9 


0.5 


0.0 






10 


0.0 


0.5 





a see Ficrores 2A, 33 and 3C 
15 ° given in micrograms and assuming the same reaction 

volume 



Three annealing temperatures were compared: 55 a C 
(Figure 3A) , S0°C (Figure 33) and 65 3 C (Figure 3C) . 
Figure 3 A shows the expected single PCR-prcduct 

20 band (arrow) as well as a multiple band pattern. As 
was seen in Figure 1A, the single PCR-product band in 
Figure 3A gradually decreases in intensity (see lanes 
2-3) and disappears when primer 22SA is used alone 
(lane 9) . New bands, however, appear as the ratio of 

25 22 SA primer to 23 5 primer increases. 

Figure 33 shows the results when the same 
amplifications are carried out using a 60 °C annealing 
temperature* Again the single product band expected 
far PCR (arrow) decreases in intensity as the ratio 

3 0 of 22 6A primer to 235 primer increases (see lanes 

2—7) * Similarly, a multiband pattern (less complex 
than observed in Figure 3A) begins to develop as this 
ratio changes (see in particular lanes 5 and S) . 
Very little signal,, however , is apparent at this 

35 annealing temperature when primer 22 6A is used alone 
in a SPAH (see lane 9) • 

Finally, Figure 3C shows the results when the 
same amplifications are carried out using a 65 °C 



annealing temperature. Again the single product band 
expected for ?CR (arraw) decreases in intensity as 
the ratio of 226A primer to 235 primer increases (see 
lanes 2-7) . A weak multiband pattern is evident , 
although the bands are not intense as this ratio 
changes (see in particular lanes 5 and 6) . However, 
no signal is apparent at this annealing temperature 
when primer 22 6A is used alone in a SPAS, reaction 
(see lane 9) . 

From the above it is clear that single primers 
can be used to amolify multiple seauences in a SPAR. 
While not limited to any theory, it is believed that 
the primers capable of producing amplification 
products, according to the present invention recognize 
template sequences which are not randomly distributed 
throughout the genome. The primer is believed to 
permit the synthesis of an extension product which is 
ccmDlementarv to a uortion of the nucleic acid 
sequences, and wherein the extension product, when 
separated from the nucleic acid sequence, is also 
capable of hybridizing to the primer. Regardless of 
the mechanism, the multiple sequences generated by 
SPAR provide a rich source of markers for detection 
and analysis of genomic variation. 

Certain embodiments of the present invention 
contemplate comparisons between the nucleic acid 
extension products from at least two sources (e.g. 
different individuals within a species, individuals 
from different species, etc.). It is desired that 
the amplified nucleic acid sequences from each 
nucleic acid source be thereafter compared to 
determine the degree of homology of the nucleic acid 
sequences . 

In certain preferred embodiments, the degree of 
"size homology" of the amplification products is 
measured, e.g., the amplified nucleic acid sequences 
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from each nucleic acid source are electrophoresed 
side-by-side in a gel. The various amplification 
products are, in this manner, separated by size, 
appearing as bands in the gel. Where there are a 
5 plurality of amplification products from one nucleic 
acid source, a distinct migration pattern of bands 
will be evident- The different migration patterns of 
bands evident between two sources of nucleic acid is 
a measure of the degree of "size homology" because 

10 different size products indicate different sequences. 

The present invention contemplates measuring the 
degree of homology of the amplified nucleic acid 
sequences by other methods as well. While not 
required, the present invention also contemplates 

15 measuring the degree of "sequence homology 11 of the 

amplified nucleic acid sequences by a) hybridization, 
b) restriction digestion and/ or c) sequencing. If 
hybridization is used, the size-separated 
amplification products are transferred to a suitable ' 

2 0 blotting medium (e.g., nitrocellulose) and 

hybridization can be carried out in the manner of 
Southern et al. described above. Where restriction 
digestion is used, the amplified nucleic acid- sample 
is digested with one or more restriction enzymes 
25 prior to or after electrophoresis. Where sequencing 
is used, the individual nucleic acid bands of the gel 
are recovered and sequenced* 

With the present invention, it is possible to 
amplify nucleic acid in genomic DNA to a level 

3 0 detectable bv several different methodologies (e.g. 

hybridization with a labelled probe; incorporation of 
biotinvlated orimers followed by avidin-enzyme 
conjugate detection; incorporation af_ _P-labelled CTP 
or ATP into the amplified segment) . However, it is 
35 generally preferred that aurplif ication proceed to 

allow chemical amounts of amplified nucleic acid to 
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be created. This allows for detection by simple 
means such as ethidium bromide staining. 

The following examples serve to illustrate 
5 certain preferred embodiments and aspects of the 
present invention and are not to be construed as 
limiting the scope thereof. 

In the experimental disclosure which follows, 
the following abbreviations apply: eq (equivalents); 
10 M (Molar) ; liM (mioromoiar) ; N (Normal) ; moi (moles) ; 
mmol (miilimolas) ; umoi (micromoles) ; nmoi 
(nanomoles); gm (grams); mg (milligrams); y-q 
(micrograms); L (liters); ml (milliliters); al 
(microliters); cm (centimeters); mm (millimeters) ; urn 
15 (micrometers); nm (nanometers); °C (degrees 

Centigrade) ; MW (molecular weight) ; OD (optical 
density) ; ZDTA (ethylanediamineza-raaca-ic ac-d) ; 
dNT? (deoxyribonucieoside 5 ' -triphosphate) ; 
TAZ buffer (0.05 M Tris-acetata, pH 3.3; 0.003 M 
EDTA) ; Sac buffer (50 mM KCl, 2.5 mM MgCl 2 , 10 mM_ 
Tris, pH a. 5, 200 Mg/ial gelatin); PAGE 
(polyacrylamide gel electrophoresis) ; V (volts) ; W 
(watts) ; mA (milliamps) ; bp (base pair) ; CPM (counts 
per minute) . 

25 Generally, presently preferred embodiments of 

the present method will be carried out using 
aDoroximatalv 3 nl dNTPs (each at 2.5 iiVL, totaling 
lOuM) and 100 ng to 1 ng at a selected primer. As a 
catalyst, lac polymerase (approximately 0.5 pi; 5 

3 0 Units//il, 3ethesda Research Laboratories, 

Gaithersburg, MD) will be used and the reaction will 
ordinarily be performed in a total volume of 
approximately 50-100 jil made up with buffer 
containing, e.g. 10 mM Tris, pH 3.5, 50 mM KCl, 1-2.5 

35 mM MgCl 2 , and 100-200 nq/ml gelatin. - The SPAR will 
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typically be performed in a programmable thermal 
cycler (ERICOMP, Inc., San Diego, CX) ; a small amount 
of mineral oil or paraffin oil in each well can be ^ 
used for maximum efficiency of heat exchange. In a 
typical SPAS amplification cycle, denaturation will 
be at 95 °C for one minute; annealing at 55 °C for two 
minutes; and extension at 70*0 for three to eight 
minutes. SPAS cycles will normally be carried out in 
this manner for 25-3 5 cycles (approximately 12 
minutes per cycle) followed by approximately 15 
minutes at 70 °C. 

where gel electrophoresis is used, 200-300 ml 
gels of 1.8% SeaKem^ agarose (FMC 3io?roducts, 
Rockland, Maine) will be poured and then 
electrophoresed for approximately 2-7 hours (100V, 
13 0mA) in TAZ buffer. Following electrophoresis, 
individual bands will generally be visualized by 
athidiun bromide staining ( approximately 3 0 minutes) 
followed by a destaining wash in water. 

Selected primers used in practice of the present 
invention are listed in Table 5. In addition to 
providing the sequence and origin of each primer, 
Table 5 provides reference numbers used to identify 
the particular primers. Far example, primer 127 is 
derived from the Agtll £-galactosidase gene near the 
EcoRI site. T.V. Huvnh et al. describe a lambda 
vector Xgtll [In: DNA Cloninc: A practica l approach, 
IRL Press, 1:49 (1985)], which carries a portion of 
the E. coli £-galactosidase gene, including the 
upstream elements. There is, within the carboxy-a 
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terminal coding region of 5. coli £-galactosidase 
gene, a single Sco RI site into which foreign 
DNA can be inserted. The Agt series of insertion 
vectors was designed to express cDNA as 
0-galactcsidasa fusion protein; DNA fragments .(up to 
7.2 kh) are cloned into the unique EcoRI site located 
in lacZ , allowing expression of a fusion protein if 
the cloned sequence is properly in- frame. 

""Routinely, the primers (see Table 5) will be 
synthesized r for example on a CYCLONZ™ DNA 
Synthesizer (3I0SEARCH, Inc., San Rafael, CA) . This 
instrument automatas solid phase, phcsphoramidita 
synthesis of DNA fragments on derivatized controlled 
pore glass supports. 

EXAMPLE 1 

In this example, the multiple band pattern 
generated by SPAR is investigated with different 
sources of genomic nucleic acid. Two different 
primers are used (226 and 215) separately in each 
amplification with each nucleic acid source. Primer 
226 (see Table 5) has been fully described above. 
Primer 215, a 16-mer, was synthesized having the 
repeating unit -GACA- (see Table 5) . 

Genomic DNA was extracted from eight individual 
chickens and used to provide nucleic acid samples in 
SPAR* The amplified products were evaluated by 
electrophoresis. Figure 4 is a photograph of the 
ethidium bromide stained gel. Lane 1 contains 
molecular weight markers. Lanes 2-9 show that the 
amplification products for the individual chicken 
nucleic acid samples using primer 21S comprise a 
multi-band pattern in every case. While a number of 
prominent bands are seen to be shared f primer 215 
also produces amplification product bands associated 
with only a few of the individual chickens (arrows) , 



indicating polymorphisms. Lane 10 is a control lane 
(no nucleic acid sample) . Lanes 11-17 show that the 
amplification products for the nucleic acid samples 
using primer 226 also comprise a multiband pattern in 
every case. Again, certain prominent bands found in 
each pattern, while other hands are associated only 
with particular individuals (arrows) , indicating 
polymorphisms . 

EXAMPLE 2 

In this example, multiple band patterns 
crenerated bv SPAR are produced with different sources 
of genomic nucleic acid. Primer 89, a 15-mer (see 
Table 5) , was used in each amplification with each 

nucleic acid source. 

Genomic DNA was extracted from twenty-four (24) 
different corn planes, each from a different inbred 
corn line, and used as samples in SPAR. 
Anralification was carried out using 10 jil Tag. buffer 
(10X), 0.3 p.1 of each dNT? (100 mM) , 2 /a1 gelatin (10 
mg/ml), 0.5 pi Tag polymerase and 1 jil of spermidine 
(100 jnM) in a total volume of 100 /il (brought up in 
water). Denaturation was at 94 °C for one (1) minute; 
annealing was at 43 °C for two (2) minutss; and 
extension at 72 *C for three (3) minutes. The SPAR 
was carried out in this manner for 24 cycles, then 
extension was carried out for ten (10) minutes in a 
final cycle. The products were electrophoresed as 
described above, the gel stained, and the stained gel 
photographed (Figure 5A and 53) . Molecular weight 
markers were provided in the end lanes. 

Lanes 2-14 of Figure 5A show that the 
amplification products for the individual corn lines 
using primer 39 comprise a multi-band pattern in all 
but one case. While a number of prominent bands are 
found in each pattern, primer 39 also produces 



amplif icatian product bands associated with only a 
few of the individual corn lines (arrows) , indicating 
polymorphisms. Similarly, lanes 2-12 of Figure 5B 
shew that the amplification products for the 
individual corn lines using primer 39 comprise a 
multiband pattern (this time in every case) . Again, 
certain strong bands are shared, while other bands 
may be associated only with particular individuals 
(arrows) , indicating polymorphisms* 

From the above it is evident that the present 
invention provides a method offering information as 
important and useful as RFL? data without the 
accompanying labor, time and expense. The present 
invention does not require the use of restriction 
enzymes or gel transfer. The present invention 
provides primers as well as a single primer 
amplification method for amplification of multiple 
sequences in chemical amounts using template 
representing the entire genome. The multiple 
sequences provide a rich source of markers f or- 
analysis of genomic variation* 

All patent publications cited in this 
specification are herein incorporated by reference as 
if each individual publication were specifically and 
individually indicated to be incorporated by 



Claims 

1. A method for amplifying a plurality of 
sequences found in a nucleic acid sample comprising: 

a) providing a nucleic acid sample 
comprising nucleic acid sequences of a distinct 
nucleic acid source; 

b) providing a single oligonucleotide 
primer comprising a sequence of at least eleven 
nucleotides which is capable of hybridizing to 
at least a portion of said nucleic acid 
sequences and generating a plurality of 
amplification oroducts therefrom in an 
amplification system; and 

c) bringing together said nucleic acid 
sample with said primer in an amplification 
sysram, thereby amplifying at least one portion 
of said nucleic acid sequences, so that discrete 
oortions of said nucleic acid secuences are 
detectable. 

2. The method of claim 1 wherein said nucleic 
acid sequences represent the entire genome of said 
distinct nucleic acid source. 

3. The method of claim 1 wherein said distinct 
nucleic acid source is selected from the group 
consisting of virus, bacteria, fungi, yeast, algae, 
mycoplasma and protozoa . 

4. The method of claim 1 wherein said distinct 
nucleic acid source is an animal selected from the 
group consisting of mammals, birds, reptiles, 
amphibians and insects • 



5* Tlie method of claim 4 wherein said animal 
nucleic acid source is selected from the group 
consisting of human, horse, dog, cow, salmon, 
chicken, mouse, rat and bee* 

6- The method of claim 1 wherein said distinct 
nucleic acid source is a plant selected from the 
group consisting of angiosperms and gymn a sperms • 

7. The method of claim S wherein said plant 
nucleic acid source is selected from the grouD 
consisting of com, barley, wheat, apple, alfalfa, 
soybean, oil rape, tobacco, tomato and loblolly pine. 

3* The method of claim 1 wherein said primer 
has a sequence of deoxyribonucleotides of the 
formula: 

wherein 

X x is desX L or an oligonucleotide of from 3 
to 11 bases selected from the group consisting 
of A-G-A-G, G-A-OOA-A-OT-G-G-T, and OOC; 

X 2 is desX 2 or an oligonucleotide of 3 bases 
selected from the group consisting of A-A-T and 
OOC; 

X 3 is desX 3 or an oligonucleotide of from 1 
to 3 bases selected from the group consisting of 
T-OT, G-G-T, A-A-C, and G; 

X^ is an oligonucleotide of 3 bases selected 
from the group consisting of OA-A, A-G-C and A- 
OA; 

Y L is a base selected from the group 
consisting of C and A; 

Y 2 is an oligonucleotide of 3 bases selected 
from the group consisting of G-G-C, OOT, G-A- 
C, and T-A-C; and 
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y 3 is desX 3 or an oligonucleotide of from 5 
. to 13 bases selected from the group consisting 

of A-A-C-A-G-G, G-G-G-C-C-T-G-G-T-C-G-A-T, A— G- 
A-C-A and T-T-C-C-C-C-C; 
5 with the proviso that at least approximately fifty 
percent (50%) of said deaxyribonucleotides are 
deoxyguanylic acid and deoxycytidylic acid* 

9 * The method of claim 3 wherein said sequence 
has the formula: 

10 5 r -Xi-X 2 -X 3 -C-A-A-G-A-C-(C/A) -Y 2 -Y 3 -3 ' 

wherein X lf X 2 , X 3/ Y 2 and Y 3 are as previously 
defined. 



10. The merhod of claim 3 wherein said sequence 
15 has the formula: 

5 1 -X 1 -X 2 -X 3 -C-A-A^G-A-C- (C/A) -G- (G/A) -C-Y 3 -3 1 

wherein X,, X 2 , X 3 and Y 3 are as previously defined. 

11. The method of claim 8 wherein said sequence 
is selected from the group consisting of: 

2 0 5 f -CAAGACCGGCAACAGG-3 1 

5 ! -AGAGAATTCTCAAGACCCCTGCGCCTGGTCGAT-3 1 
5 ' — GA C CAA CTGGTAAT GGTAG CGAC CGG C — 3 1 

5 1 H3ACAGACAGACAGACA-3 1 and 
5 1 -CCCCCCAACCAAGACCTACTTCCCCC-3 » . 

25 12. The method of claim 1 wherein said primer 

has a sequence of deaxyribonucleotides of the 
formula: 

5 ' -v^-Wo-W-j-T-G-G- (T/G) -G-G- (C/GJ -Z^ f 

wherein - • 

3 0 w t is an oligonucleotide of from 7 to 12 

bases selected from the group consisting of G- 
G-G-G-G-A-A-G-T-A.-G-G , G-T-C-C-A-T-C-A-A , and A- 
G-C-G-K-G-G ; 



W 2 is an oligonucleotide of 2 bases select 
from the group consisting of A-T and T-C; 

W 3 is a base selected from the group 
consisting of T, G, and A; and 

Z 1 is an oligonucleotide of from 3 to 7 
bases selected from the group consisting of G- 
G-G, A-G-C-C-T-C-G and T-C-C; 
with the proviso that at least approximately fifty 
percent (50%) of said deoxyribonucleotides are 
deoxyguanylic acid and deoxycytidylic acid. 

13. The method of claim 12 wherein said 
sequence has the formula: 

5 f -tf : -A-T-W 3 -T-G-G-T- (T/G) -G-G- (C/G) -2,-3 1 
wherein W L , W 3 , and Z t are as previously defined. 

14. The method of claim 12 wherein said 
sequence has the formula: 

5 , -W 1 -A-T-yi 3 -T-G-G-T-T--G-G-G-Z 1 -3 1 

wherein ff,, W 3 , and Z± are as previously defined. 

15. The method of claim 12 wherein said 
sequence is selected from the group consisting of: 

5 1 -GGGGGAAGTAGGTCTTGGTTGGGGGG-3 1 

5 1 -GTCCATCAATGTGGTTGGCAGCCTCG-3 1 and 
5 r -AGCGAGGATATGGTGGGCTCC-3 r . 

16. The method of claim 1 wherein said primer 
is selected from the group consisting of: 



5 
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-CAAGACCGGCAACAGG-3 » 

-AGAGAATTCTCAAGACCCCTGCGCCTGGTCGAT-3 ' 
-GACCAACTGGTAATGGTAGCGACCGGC-3 ' 
-ATGGCCTTGCAAAACGACGTCTA— 3 » 
-CAAGACCGGCAACAGGATTC-3 » 

-TGGAGGAAGGGCTGGAGGAGGGCTCCGGAGGAAGGGC-3 ' 
-GCCCTTCCTCCGGAGCCCTCCTCCAGCCCTTCCTCCA-3 1 
-GAGGTGGGCAGGTGGA-3 « 
-GACAGACAGACAGACA-3 * 
-TCCTAACCCTAAATCCAGCTCATGCC-3 1 



5 f -GGGGGAAGTAGGTCTTGGTTGGGGGG-3 • 

5 ' -GTCATCAATGTGGTTGGCAGCCTCG-3 1 

5 1 -AGCGAGGATATGGTGGGCTCC-3 1 

5 1 -GTCATCAATGTGGTTGGCAGCCTCG-3 1 

5 '-AGCGAGGATATGGTGGGCTCC-3 1 

5 T -CCCAACCAAGACCTACTTCC-3 1 

5 ' -ACTGACTGACTGACTG-3 r 

5 i -TGTCTGTCTGTCTGTC-3 1 
5 1 -GCTCCGGAGGAAGGGC-3 1 

5 ' -GACACGACACGACACGACAC-3 ' 

5 1 -CTCCTTCTCCAGCTGC-3 1 

5 ' -GAGGGTGGCGGTTCT-3 1 

5 1 -GAGGGTGGTGGCTCT-3 r 

5 r -AGAACCGCCACCCTC-3 1 

5 1 -GGAGCTGGAGAAGGAG-3 ■ 

5 ' -TGGATGGATGGATGG ATGG A- 3 ' 

5 1 — CGAGGCTGCCAACCACATTGATGAC— 3 1 

5 ' -CACCACCACCACCAC-3 ' 

5 1 — TTGCCTGTCTCCAGC-3 1 • 



17. A bathed for detecting variation between 
nucleic acid samples, comprising: 

a) providing at least two nucleic acid 
samples each, comprising nucleic acid sacuance* 
representing the entire genome of a distinct 
nucleic acid source; 

b) providing a single oligonucleotide 
primer comprising a sequence having at least 
eleven nucleotides and capable of hybridizing 
at least a portion of said nucleic acid 
sequences from each source and generating a 
plurality of amplification products therefrom 
an amplification system; and 

c) bringing together each nucleic acid 
sample with said primer in a separate 
amplification system, thereby amplifying at 
least one portion of said nucleic acid sequenc* 
from at least one source, so that discrete 
portions of said nucleic acid sequences are 
detectable. 



13. A method as recited in claim 17, further 
comprising: 

d) comparing the amplified portions of 
nucleic acid sequences from each nucleic acid 
source so amplified to determine the degree of 
homology between said nucleic acid sources. 

19 . The method of claim 17 wherein said nucleic 
acid sequences represent the entire genome of said 
distinct nucleic acid source. 

20. The method of claim 17 wherein said 
distinct nucleic acid source is selected from the 
group consisting of virus, bacteria, fungi, yeast, 
algae, mycoplasma and protozoa. 

21. The method of claim 17 wherein said 
distinct nucleic acid source is an animal selected 
from the group consisting of mammals, birds, 
reptiles, amphibians and insects. 

22- The method of claim 21 wherein said animal 
nucleic acid source is selected from the group 
consisting of human, horse, dog, cow, salmon, 
chicken, mouse, rat and bee. 

* 

23. The method of claim 17 wherein said 
distinct nucleic acid source is a plant selected from 
the group consisting of angiosperms and gymnosperms. 

24* The method of claim 23 wherein said plant 
nucleic acid source is selected from the group 

consisting of corn, barley, wheat, apple, alfalfa, 

» • . .... 

soybean, oil rape, tobacco, tomato and loblolly pine. 



25. The method of claim 17 wherein said primer 
has a sequence of deoxyribonucleotides of the 
formula: 

5 l -X 1 -X 3 -X 3 -X 4 -G-A-C-Y l -Y 2 -Y 3 -3 1 

wherein 

X : is desX L or an oligonucleotide of from 3 
to 11 bases selected from the group consisting 
of A-G-A-G, G-A-OC-A-A-OT-G-G-T , and C-C-C ; 

X 2 is desX 2 or an oligonucleotide of 3 bases 
selected from the group consisting of A-A-T and 
C-C-C; 

X 3 is desX 3 or an oligonucleotide of from l 
to 3 bases selected from the group consisting of 
T-C-T, G-G-T, A-A-C, and G; 

X u is an oligonucleotide of 3 bases selected 
from the group consisting of C-A-A, A-G-C and A- 
C-A; 

Y : is a base selected from the group 
consisting of C and A; 

Y 2 is an oligonucleotide of 3 bases selected 
from the group consisting of G-G-C, C-C-T, G-A- 
C, and T-A-C; and 

Y 3 is desX 3 or an oligonucleotide of from 5 
to 13 bases selected from the group consisting 

of A-A-C-A-G-G, G-G-G-C-C-T-G-G-T-C-G-A-T, A-G- 

A-C-A and T-T-C-C-C-C-C; 
with the proviso that at least approximately fifty 
percent (50%) of said deoxyrlbonucleotides are 
deoxyguanylic acid and deoxycy tidy lie acid. 

26. The method of claim 25 wherein said 
sequence has the formula: 

5 1 -Xt-Xa-Xa-C-A-A-G-A-C- (C/A) -Y 2 -Y 3 -3 1 
wherein X lf X 2 , X 3/ Y 2 and Y 3 are as previously 
defined. 



27. The method of claim 25 wherein said 
sequence has the formula; 

5 ' -Xi-Xa-Xa-C-A-A-G-A-C- (C/A) -G- (G/A) -C-y 3 -3 1 

wherein X lf X Zf X 3 and Y 3 are as previously defined. 

23. The method of claim 25 wherein said 
sequence is selected from the group consisting of: 

5 » -CAAGACCGGCAACAGG-3 « 
5 r -AGAGAATTCTCAAGACCCCTGCGCCTGGTCGAT-3 1 
5 1 H3ACCAACTGGTAATGGTAGCGACCGGC-3 1 ' 

5 1 -GACAGACAGACAGACA-3 1 and 
5 1 -CCCCCCAACCAAGACCTACTTCCCCC-3 » . 



29. The method of claim 17 wherein said primer 
has a sequence of daoxyrihonucleotides of the 
formula: 

5 '-Wt-W^^-T-G-G-CT/G) ~G-G-(C/G) -Z x -3 1 

wherein 

W L is an oligonucleotide of from 7 to 12 
bases selected from the group consisting of G- 

G-G-G-G-A-A-G-T-A-G-G, G-T-C-OA-T-OA-A, and A- 
G-C-G-A-G-G; 

W 2 is an oligonucleotide of 2 bases selected 
from the group consisting of A-T and T-C; 

W 3 is a base selected from the group 
consisting of T, G, and A; and 

Z x is an oligonucleotide of from 3 to 7 
bases selected from the group consisting of G- 
G-G, A-G-C-C-T-C-G and T-C-C; 
with the proviso that at least approximately fifty 
percent (50%) of said deaxyrihonucleotides are 
deoxyguanylic acid and deoxycytidylic acid. 

30. The method of claim 29 wherein said 
sequence has the formula: 

5 » -W, -A-T - W : _-T -G -G-T- (T/G) -G-G- (C/G) -2,-3 * 



wherein w l7 W 3/ and Z : are as previously defined. 



31 . The method of claim 29 wherein said 
sequence has the formula; 

wherein W\, W 3/ and Z : are as previously defined. 



32. The method of claim 29 wherein said 
sequence is selected from the group consisting of: 
5 1 -GGGGGAAGTAGGTCTTGGTTGGGGGG-3 1 

5 ' -GT C CAT C AATGTGGTTGGCAG C CTCG - 3 ? and 
5 ' -AGC3AGGATATGGTGGGCTCC-3 1 . 



33. The merhcd of claim 17 wherein said prime 
is selected from the group consisting of: 
5 • -CAAGAC CGG CAACAGG - 3 ' 

5 ' -AGAGAATTCTCAAGACCCCTGCGCCTGGTCGAT-3 1 
5 ' -GACCAACTGGTAATGGTAGCGACCGGC-3 ' 
5 ' -ATGGCCTTC CAAAACG AC GTCTA- 3 ' 
5 ' -CAAGACCGGCAACAGGATTC-3 ' 

5 ' -TGGAGGAAGGGCTGGAGGAGGGCTCCGGAGGAAGGGC-3 ' 
5 ' -GCCCTTCCTCCGGAGCCCTCCTCCAGCCCTTCCTCCA-3 ' 

o 1 ~~GAGGTGGGCAGGTGGA— 3 r 

5 ' — GA CAG A CAG ACAG AC A- 3 ' 

5 ' -TCCTAACCCTAAATCCAGCTCATGCC-3- 1 

5 1 -GGGGGAAGTAGGTCTTGGTTGGGGGG-3 1 

5 1 -GTCATCAATGTGGTTGGCAGCCTCG-3 1 

5 1 -AG C G AGG AT ATG GTGGGCTCC-3 1 

5 f — GT CAT C AATGT GGTTGG CAG C CT C G — 3 1 

5 ' -AGCGAGGATATGGTGGGCTCC-3 1 

5 1 -CCCAACCAAGACCTACTTCC-3 1 

5 1 -ACTGACTGACTGACTG-3 ' 

5 1 -TGTCTGTCTGTCTGTC-3 1 

5 1 -GCTCCGGAGGAAGGGC-3 1 

5 ' -GACACGACACGACACGACAC-3 * 

5 * -CTCCTTCTCCAGCTGC-3 1 

5 1 -GAGGGTGGCGGTTCT-3 1 

5 f -GAGGGTGGTGGCTCT-3 1 

5 1 -AGAACCGCCACCCTC-3 1 

5 1 -GGAGCTGGAGAAGGAG-3 1 

5 ' -TGGATGGATGGATGGATGGA-3 1 

5 • — CGAGGCTGCCAACCACATTGATGAC— 3 1 

5 1 -CACCACCACCACCAC-3 ' 

5 ' -TTGCCTGTCTCCAGC-3 1 . 
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34. A mixture of nucleic acid sequences, 
comprising a plurality of double— stranded products 
comprising a first and a second single— stranded 
polynucleotides each having a 5 '-terminal region 
sequence having at least eleven nucleotides and a 

3 1 -terminal region sequence having at least eleven 
nucleotides which is substantially the inverted 

comnliment thereto, and an internal region* 
«> 

35. The mixture of claim 34" wherein at least a 
portion of each said 5 '-terminal region of said 
polynucleotides are substantially identical for all 
of said products. 

36. The mixture of claim 3 5 wherein said 
products can be separated into a finite number of 
groups according to size- 

37. The mixture of claim 3 6 wherein each of 
said products of different size contain different 
sequences in their internal regions, 

33. A method for amplifying a plurality of 
seouences found in a nucleic acid sample comprising: 

a) providing a nucleic acid sample 
comprising nucleic acid sequences from a 
distinct nucleic acid source;..; ... 

b) bringing said sample together with a 
single oligonucleotide primer comprising a 
sequence having at least eleven nucleotides and 
capable afi hybridizing to a plurality of regions 
within said nucleic acid sequences, under 
conditions which synthesize.-. an extension product 
which is complementary to a portion of said 
nucleic acid sequences, and wherein said 
extension product, when separated from said 



nucleic acid sequence, is also capable of 
hybridizing to said oligonucleotide primer; 

c) separating the primer extension 
products from the nucleic acid sequences to 
which they were hybridized to form single 
stranded templates; and 

d) bringing together the templates of 
step (c) with the oligonucleotide primer of step 
(b) under conditions which synthesize a primer 
extension product from the primers hybridized to 
said templates, thereby amplifying a plurality 
of portions of said nucleic acid sequences, so 
that discrete portions of said nucleic acid 
sequences are detectable. 

39. The method of claim 38 wherein said primer 
has a sequence of deoxyribonucleotides of the 
formula: 

5 ' -X,-X 2 -X 3 -X,-G-A-C-Y,-Y 2 -Y 3 -3 ' 

wherein 

X, is desX, or an oligonucleotide of from 3 
to 11 bases selected from the group consisting 

of A-G-A-G, G-A-C-C-A-A-C-T-G-G-T , and C-C-C; 

X, is desX, or an oligonucleotide of 3 bases 
selected from the group consisting of A-A-T and 
c-c-C; 

X 3 is desX 3 or an oligonucleotide of from 1 
to 3 bases selected from the group consisting of 
T-C-T, G-G-T, A-A-C, and G; 

X 4 is an oligonucleotide of 3 bases selected 
from the group consisting of C-A-A, A-G-c and A- 
C-A; 

Y is a base selected from the group 
consisting of C and A; 



Y 2 is an oligonucleotide of 3 bases selected 
from the group consisting of G-G-C, C-C-T, G-A- 
C, and T-A-C; and 

Y 3 is desX 3 or an oligonucleotide of from 5 
to 13 bases selected from the group consisting 

Of A-A-C-A-G-G, G-G-G-C-C-T-G-G-T-C-G-A-T , A-G- 

A-OA and T-T-C-C-C-OC; 
with, the proviso that at least approximately fifty 
percent (50%) of said deoxyribonucleotides are 
deoxyguanylic acid and deoxycytidylic acid. 

40. The method of claim 39 wherein said 
sequence has the formula: 

5 1 -X^X.^-C-A-A-G-A-C- (C/A) -Y 2 -Y 3 -3 1 
wherein X L/ X 2 , X 3 , Y 2 and Y 3 are as previously 
defined • 

41. The method. of claim 39 wherein said 
sequence has the formula: 

5 '-X^-Xj^-C-A-A-G-A-C-fC/A) -G-(G/A) -C-Y 3 -3 1 
wherein X lr X 2 , X 3 and Y 3 are as previously defined. 

42. The method of claim 39 wherein said 
sequence is selected from the group consisting of: 

5 1 -CAAGACCGGCAACAGG-3 » 
5 1 — AGAGAATTCTCAAGACCCCTGCGCCTGGTCGAT— 3 1 
5 ' -GACCAACTGGTAATGGTAGCGACCGGC-3 • 

5 ' -GACAGACAGACAGACA-3 ' and 

5 • -CCCCCCAACCAAGACCTACTTCCCCC-3 » . 

43. The method at claim 38 wherein said primer 
has a sequence of deoxyribonucleotides of the 
formula: 

5 ' -^-W.-Wa-T-G-G- (T/G) -G-G-(C/G) -Z x -3 f 

wherein 
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W, is an oligonucleotide of from 7 to 12 
bases selected from the group consisting of G- 
G-G-G-G-A-A-G-T-A-G-G , G-T-OC-A-T-C-A-A, and A- 
G-C-G-A-G-G; 

W, is an oligonucleotide of 2 bases selected 
from the group consisting of A-T and T-C; 

W 3 is a base selected from the grouo 
consisting of T, G, and A; and 

Zi is an oligonucleotide of from 3 to 7 
bases selected from the group consisting of G- 
G.-G, A-G-C-C-T-C-G and T-C-C; 
with the proviso that at least approximately fifty 
percent (50%) of said deoxyribonucleotides are 
deoxyguanylic acid and deoxycytidylic acid, 

44. The method of claim 43 wherein said 
sequence has the formula: 

5 ! -w\-A-T-tf 3 -T-G-G-T- (T/G) -G~G- (C/G) -Z--3 ' 

wherein W x , w 3 , and 2, are as previously defined ♦ 

45. The method of claim 43 wherein said 
sequence has the formula: 

5 T -W 1 -A-T-W 3 -T-G-G-T-T-G-G-C-Z 1 -3 f 

wherein If,, w 3 , and Z x are as previously defined. 

46. The method of claim 43 wherein said 
sequence is selected from the group consisting of: 

5 ' -GGGGGAAGTAGGTCTTGGTTGGGGGG-3 1 

5 1 -GTCCATCAATGTGGTTGGCAGCCTCG-3 ' and 
5 1 -AGCGAGGATATGGTGGGCTCC-3 1 . 

47* The method of claim 38 wherein said primer 
is selected from the group consisting of: 

5 1 -CAAGACCGGCAACAGG-3 ■ 

5 1 -AGAGAATTCTCAAGACCCCTGCGCCTGGTCGAT-3 1 
5 1 -GACCAACTGGTAATGGTAGCGACCGGC-3 1 
5 ' -ATGGCCTTCCAAAACGACGTCTA-3 1 



5 1 -CA^GACCGGCAACAGGATTC-3 1 

5 T -TGGAGGAAGGGCTGGAGGAGGGCTCCGGAGGAAGGGC-3 f 
5 1 ^CCCTTCCTCCGGAGCCCTCCTCCAGCCCTTCCTCCA-3 1 

5 1 -GAGGTGGGCAGGTGGA-3 1 

5 1 -GACAGACAGACAGACA-3 1 

5 1 -TCCTAACCCTAAATCCXGCTCXrGCC-3 ■ 

5 1 H3GGGGAAGTAGGTCTTGGTTGGGGGG-3 • 

5 ' -GTCATCAATGTGGTTGGCAGCCTCG-3 1 

5 1 — AGCGAGGATATGGTGGGCTCC-3 ' 

5 1 -GTCATCAATGTGGTTGGCAGCCTCG-3 1 

5 r - AGCGAGGATATGGTGGGCTCC-3 « 

5 1 -CCCAACCAAGACCTACTTCC-3 1 

5 1 — ACTGACTGACTGACTG— 3 1 

5 1 -TGTCTGTCTGTCTGTC-3 1 

5 1 -GCTCCGGAGGAAGGGC-3 1 

5 1 -GACACGACACGACACGACAC-3 1 

5 1 -CTCCTTCTCCAGCTGC-3 ' 

5 1 -GAGGGTGGCGGTTCT-3 ' 

5 1 -GAGGGTGGTGGCTCT-3 ' 

5 1 -AGAACCGCCACCCTC-3 ' 

5 1 -GGAGCTGGAGAAGGAG-3 r 

5 1 -TGGATGGATGGATGGATGGA-3 ' 

5 f -CGAGGCTGCCAACCACATTGATGAC-3 1 

5 1 -CACCACCACCACCAC-3 1 

5 1 -TTGCCTGTCTCCAGC-3 1 . 



43, A primer comprising an oligonucleotide 
sequence having at least eleven nucleotides and 
capable of hybridizing to a plurality of regions 
within nucleic acid sequences contained in a sample 
of nucleic acids, said oligonucleotide primer being 
capable of hybridizing to an extension product which 
contains said oligonucleotide sequence and is 
substantially complementary to a portion of said 
nucleic acid sequences. 



49. The primer of claim 48 wherein said primer 
has a seouence of deoxyribonucleatides of the 
formula: 

5 f -X 1 -X 2 -X 3 -X,-G-A-C-y^Y 2 -Y 3 -3 ' 

wherein 

Xt is desXi or an oligonucleotide of from 3 
to 11 bases selected from the group consisting 
of A-G-A-G, G-A-C-C-A-A-C-T-G-G-T, and C-C-C; 



X 2 is desX 2 or an oligonucleotide of 3 bases 
selec-ed from the group consisting of A-A-T and 
C-C-C; 

X 3 is desX 3 or an oligonucleotide of from 1 
to 3 bases selected from the group consisting of 
T-C-T, G-G-T, A-A-C, and G; 

X,, is an oligonucleotide of 3 bases selected 
from the group consisting of C-A-A, A-G-C and A- 
C-A; 

Y, is a base selected from the group 
consisting of C and A; 

Y 2 is an oligonucleotide of 3 bases selected 
from the group consisting of G-G-C, C-C-T, G-A- 
C, and T-A-C; and 

Y 3 is desX 3 or an oligonucleotide of from 5 
to 13 bases selected from the group consisting 
Of A-A-C-A-G-G, G-G-G-C-C-T-G-G-T-C-G-A-T , A— G- 

A-C-A and T-T-OOOOC; 
with the proviso that at least approximately fifty- 
percent (50%). of said deoxyribonucleotides are 
deoxyguanylic acid and deoxycytidylic acid, 

50. The primer of claim 49 wherein said 
sequence has the formula: 

5 1 -X,-X 2 -X 3 -C-A-A-G-A-C- (C/A) -Y 2 -Y 3 -3 1 
wherein X lf X 3/ Y 2 and Y 3 are as previously defined. 

51. The primer of claim 49 wherein said 
sequence has the formula: 

5 1 -X,-X 2 -X 3 -C-A-A-G-A-C- (C/A) -G- (G/A) -C-Y 3 -3 r 
wherein X,, X 2 , X 3 and Y 3 are as previously defined. 

52. The primer of claim 49 wherein said 
sequence is selected from the group consisting of: 

5 1 -CAAGACCGGCAACAGG-3 r 
5 ! -AGAGAATTCTCAAGACCCCTGCGCCTGGTCGAT-3 1 



S 1 -GACCAACTGGTAATGGTAGCGACCGGC-3 1 

5 1 -GACAGACAGACAGACA-3 1 and 
5 1 -CCCCCCAACCAAGACCTACTTCCCCC-3 1 • 

53 . The primer of claim 43 wherein said primer 
has a sequence of deoxyrihonucleotides of the 
formula: 

5 1 -W^ W 2 -W 3 -TH3-G- (T/G) -G-G-(C/G) -Z x -3 1 

wherein 

W t is an oligonucleotide of from 7 to 12 
bases selected from the group consisting of G- 
G-G-G-G-A-A-G-T-A-G-G , G-T-C-C-A-T-C-A-A, and A* 

G-C-G-A-G-G; 

W, is an oligonucleotide of 2 bases selected 
from the group consisting of A-T and T-C; 

W 2 is a base selected from the group 
consisting of T, G, and A; and 

Z : is an oligonucleotide of from 3 to 7 
bases selected from the group consisting of G- 
G-G, A-G-C-C-T-C-G and T-C-C; 

with the proviso that at least approximately fifty 
percent (50%) of said deoxyribonucleotides are 
deoxyguanylic acid and deoxycytidylic acid. 

54. The orimer of claim 53 wherein said 
sequence has the formula: 

5 1 -W^A-T-v^-T-G-G-T- (T/G) -G-G-(C/G) -Z,-3 1 

wherein W r , W 3/ and Z L are as previously defined. 

55. The orimer of claim 53 wherein said 

4* 

sequence has the formula: 

5 '-Rr^-A-T^-T-G-G-T-T-G-G-C-Z^ f 
wherein W\, W 3/ and Z, are as previously defined. 

56. The primer of claim 53 wherein said 
sequence is selected from the group consisting of: 



5 • -GGGGGAAGTAGGTCTTGGTTGGGGGG-3 * 

5 ' -GTC CATCAATGTGGTTGGCAGCCTCG-3 • and 
5 ' -AGCGAGGATATGGTGGGCTCC-3 » . 



57. The primer of claim 43 wherein said primer 
s selected from the group consisting of: 
1 -CAAGACCGGCAACAGG-3 ' 

' — AGAGAATT CT CAAGAC CC CTG CGC CTGGTCGAT— 3 1 
» -GACCAACTGGTAATGGTAGCGACCGGC-3 ' 

• — ATGG CCTTC CAAAACG ACGT CTA— 3 ' 
' -CAAGACCGGCAACAGGATTC-3 " 

• -TGGAGC-AAGGGCTGGAGGAGGGCTCCGGAGGAAGGGC-3 
' -GCCCTTCCTCCGGAGCCCTCCTCCAGCCCTTCCTCCA-3 ' 

1 -GAGGTGGGCAGGTGGA-3 ' 
' — GACAGACAGACAGACA— 3 1 
• -TCCTAACCCTAAATCCAGCTCATGCC-3 1 

• -GGGGGAAGTAGGTCTTGGTTGGGGGG-3 ' 
» —GTCATCAATGTGGTTGGCAGCCTCG-3 ' 
» -AGCGAGGATATGGTGGGCTCC-3 ' 
' -GTCATCAATGTGGTTGGCAGCCTCG-3 ' 
' -AGCGAGGATATGGTGGGCTCC-3 ' 
' -CCCAACCAAGACCTACTTCC-3 ' 
1 — ACTGACTGACTGACTG— 3 » 
• -TGTCTGTCTGTCTGTC-3 1 
1 -GCTCCGGAGGAAGGGC-3 * 
' -GACACGACACGACACGACAC-3 ' 
' -CTCCTTCTCCAGCTGC-3 • 
1 -GAGGGTGGCGGTTCT-3 1 
' -GAGGGTGGTGGCTCT-3 1 
' -AGAACCGCCACCCTC-3 * 
1 -GGAG CT GGAGAAGGAG - 3 « 
' -TGGATGGATGGATGGATGGA-3 * 
' -CGAGGCTGCCAACCACATTGATGAC-3 ' 

• -CACCACCACCACCAC-3 ' 
' — TTGCCTGTCTCCAGC-3 ' . 
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